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(54) Titie: BONE PASTE StrBJECTED TO IRRADIATIVE AND THERMAL TREATMENT 



(57) Abstract 

A thermally sterilized bone paste 
useful in the orthopedic arts, for exam- 
ple in the repair of non-union fractures, 
periodontal ridge augmentation, craniofa- 
cial surgery, implant fixation, impaction 
grafting, or any other procedure in which 
generation of new bone is deemed neces- 
sary, is provided by a composition com- 
prising a substantially bioabsorbable os- 
teogenic compound in a matrix of 11-19 
9&. and preferably about 15-19 % (w/w) 
or thermally sterilized gelatin. In var- 
ious embodiments, the osteogenic com- 
pound is selected from (i) demineralized 
bone matrix (DBM); (ii) bioactivc glass 
ceramic; BIOGLASS®. bioactive ceramic, 
calcium phosphate ceramic, hydroxyap- 
atite, hydroxyapatite carbonate, corraline 
hydroxyapatite, calcined bone, tricalcium 
phosphate, or like material; (iii) bone mar- 
row extracts, vascular proliferation or re- 
generation growth factors, bone morpho- 
genetic protein, TGF-^. PDGF. or mix- 
tures thereof, natural or recombinant; and 
(iv) mixtures of (i)-<iii). The thermally 
sterilised gelatine may be a commercially 
available grade of gelatine which is both 
thermally and irradiatively sterilized. 
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TITLE OF THE INVENTION 
BONE PASTE SUBJECTED TO IRRADIATIVE AND THERMAL TREATMENT 

CROSS REFERENCE TO RELATED APPLICATIONS 

5 

This application is a continuation-in-part of related United States Patent Application serial 
number 09/014,519, filed January 28, 1998. pending 

Backuround of the Invention 
10 " . 

1 . Field of the Invention : 

This invention provides an improved, thermally sterilized bone paste, useful in the production 
of osteogenic, osteoinductive, and/or osteoconductive compositions for use in the field of 
15 orthopedic medicine to achieve bone fusions, fusion of implants to bone, filling of bone 
defects, or any other applications in which an osteoinductive, osteogenic composition is 
desirable. 

2. Backuround : 

20 

More than 100.000 bone grafting procedures are performed every year in the United States 
alone. (Cornell). In the majority of reconstruction procedures, the graft material is used as a 
filler between bone particles in the belief that continuous contact between particles of bone 
leads to more rapid and complete healing at the repair site (as well as greater mechanical 
25 integrity). (Bloebaum). In the cases of bone augmentation and spinal fusion, these bone grafts 
may make up the entire structure of the graft, since there are no bone fragments in the area. 
With the possible exception of one product (whose u.se guidelines do not allow this), all bone 
grafting materials require surgical placement with the requisite incisions. 

30 Osteogenic bone grafting materials may be separated into two classes, namely those which 
are osteoconductive. and those which are osteoinductive. While the exact definition of these 
terms remains a matter of debate, it can be said that osteoconductive implants •"conduct" bone 



wo 99/38543 PCT/US99/01677 

2 

growth across defects when implanted into osseous tissue. (Einhom). Osteoinductive 
implants, on the other hand. ha\ e the abilit\' to "induce" cells in the area to generate bone of 
their ov\ti accord. (Einhom). These osteoinductive implants will cause the generation of bone 
even when they are implanted into non-osseous tissue (e.g. subcutaneous or intramuscular 
5 implantation). (Einhom: Benedict: Strates: IJrist). 

All of the artificially produced bone-grafting materials available today fall in the 
osteoconductive category of grafts. Among these are Bioglass®. Norian®. Collagraft®, 
corral ine hydroxyapatite, powdered hydroxyapatite, cr\'Stal!ioe and ainorphous h\'droxyapatite 
10 (hydroxy! apatite), and a'number of other products. All of these implants rely on their 
similarit\^ to natural bone hydroxyapatite. A likely mechanism for bone conduction lies in the 
abilitv of these materials to enhance diffusion of trophic factors and cells over their vcr\ large 
surface areas and the mechanical support which they provide to growing tissues. Figure 1 
provides a list of relevant properties of selected bone graft materials. 

15 

The other category of bone grafting materials currently available is encompassed by autograft 
or allograft bone. If not loo harshly processed, these materials arc generally 
osieoinductive.(Yazdi). Since they are tissue transplants, their use imposes certain risks. 
Autografts have been associated with harvest site morbidity in excess of 20" o. (^'ounger). 
20 Frozen or freeze-dried allografts induce some immune response, and if not properly screened, 
can be associated with disease transmission. (Hordin). The last variety of allografts is 
demineralized bone matrix. 

Demineralized Bone Matrix (DBM) was first described by Senn in 1889. (Senn). It was 
25 rediscovered, largely by accident, and thoroughly studied by Urist and Strates in the late 
1960's. (Strates: Urist). It has since become a major product of tissue banks around the world. 
As the name implies, it is bone which has been demineralized by treatment with acid. A 
detailed outline of the process for producing this product is provided in figure 2. 

30 DBM has the ability to induce the formation of bone even in non-osseous tissues within 4 
weeks. (Strates: Urist: Lasa). The standard technique for determining the activity of DBM is 
to implant it subcutaneously or intramuscularly. (Nathan). It is believed that the major active 
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factor in DBM. is one or more bone morphogenetic proteins (BMP), (see U.S. Patent 
4,294.753. herein incorporated by reference). Other growth factors, including but not hmited 
to TGF-beta, (see U.S. Patent No. 5.422,340. herein incorporated by reference), platelet 
derived growth factor (PDGF), and the like, may be important for this function also. 

Bioglass® is a bone grafting material which is a Si02. Na^O, CaO. P2OS glass which has the 
ability to produce a bio-active surface l^yer of hydroxyapatite carbonate within minutes of 
implantation. (Hench). . ■ 

1 0 Two problems are associated with the use of DBM or Bioglass. Both of these materials are 
supplied as large particles, an^dp npt always stay l}\ ^he;ar!sajntp vvhich they are implanted. 
(Scarborough; Frenkel), , Also. di^eAp .thgir.<?oarsv^ are hard to mold and handle 

in the openiting ro^m.. Aj:;cordingly^.thcr9 i?.J,hc j^eed . for a product which does not allow for 
particle migration, while also. being easier to us^jn Uie operating environment. 

15 

As noted in table L in recent years, several bone-filling surgical pastes have become 
commercially available. These products range from simple mixtures of saline with a sand-like 
powder to a recently released gel, known as GRAITON®. a glycerol-based. non-cross- 
linkable composition. All .of these products are used in orthopedics to repair bone defects. 
20 such as voids, cavities, cracks etc. Such defects may be the result of trauma or may be 
congenitalv and the known pastes may be used to patch or fill such defects, or build upon 
existing bony structures. The ultimate goal of such treatments is that the paste will induce 
bone formation to replace the paste while retaining the form created by the surgeon when 
applying the paste. 

25 

Desirably, a bone paste would be osteoconductive (i.e. it conducts bone cells into a region) 
and osteoinductive (i.e. stem cells are induced to differentiate into bone forming cells which 
begin production of new bone). In general, bone pastes known in the art are osteoconductive. 
with only weak osteoinductive effects. Accordingly, such known pastes are inadequate for 
30 filling of large voids and firequently do not effect proper bone formation even in small voids. 
All currently available bone pastes, including those that exhibit some osteoinductive activity, 
are difficult to handle, do not adequately remain at the site of implantation, or both. 
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Thus, one commercially available product. GRAFTON®, (see U.S. Patent No. 5.484.601 ) is 
a non-cross-linkablc composition of demitieralized bone powder suspended in a pol> ii>drox> 
compound (e.g. glycerol) or esters thereof, optionally including various other mgredients. 
including gelatin. It is considered likely that this material is rapidly washed away from the 
implant location as the carrier matri.x is glycerol, which is water soluble. 

U.S. Patent Nos. 5.236.456 and 5A05390 (0'Lear>- and Prewett) outline an "osteogenic" gel 
composition which is made from demineralizcd bone matrix (DBM) by treating with 
concentrated acid (3 M HCI) and heating to between 40 and 50X\ The patent briefly 
describes mixing the gel witli DBM and .several other components. However, the method of 
manufacturing the gel composition is such that it produces mostly collagen fibers (i.e. the 
temperature elex ation is insufficient to produce gelatin). As a result, the collagen fibers are 
not .soluble in neutral solutions. I o obtain a gel. the patent specifies that the collagen must 
be dissolved in acid of low pH (e.g. HCI or 1% acetic acid, at a pH of less than 4.0). 
However, compositions of low pH are not typically ver> compatible with biological 
implantations. It is akso noted that at column 5. line 20. and column 6. line 15. it is specified 
that the temperature at which the gel solidifies is 0-5=C. which precludes gelation hi vivo. 
U.S. Patent No. 4.440.750 (Glowacki and Pharris) outlines a standard en/ymatic technique 
for extracting collagen Irom tissue using Pepsin. A highly refined collagen is obtained from 
20 animal sources, which is then reconstituted prior to forming the working composition. The 
collagen will not readily cross-link without the addition of other chemicals (e.g. aldehydes, 
chondroitin sulfate), which they do not specify in the composition. There is no mention of 
a set temperature or any reference to cross-linking behavior. 

25 In U.S. Patent Nos. 4.394.370 and 4.472.840. ( Jefferies). complexes of reconstituted collagen 
with demineralizcd bone or solubilized bone morphogenetic protein, optionally cross-linked 
with glutaraldehydc. were reported to be osteogenic when implanted in v,vo. The 
reconstituted collagen of these patents is pulverized, lyophilized. microcr>staIline collagen 
which has been dialyzed to remove the hydrochloric acid used in collagen preparation. 

30 Accordingly, the composition of those patents does not involve the conversion of collagen to 
gelatin prior to formation of the composition. Hence, the composition would not exhibit the 
thermal cross-linking behavior of the instant composition. 
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In U.S. Patent No. 4.678.470 (Nashef al.) disclosed a non-resorbable bone-grafting material 
comprising demineralized bone matrix that had been cross-linked by treatment with 
glutaraldehyde. or like cross-linking agent, suspended in a gelatinous or semi-solid carrier. 
Given that the dcmineralized bone of that patent is chemically cross-linked, its bone inductive 
5 properties arc considered to be destroyed and the composition essentially forms a structural 
filler or matrix into which recipient bone may grow. 

In WO 89/04646 (Jefferies). a bone repair material having good structural strength was 
disclosed. The material comprised a dcmineralized bone xnatrix which had been surface 
1 0 activated by treatment. with glutaraldehyde or like cfbss'-l inking agent to increase the binding 
thereof to biocompatible matrices. The resuttihg material has' such a rigid structure that, prior 
to implantation into a biological recipient, the rrrateffial rhay be rhachined. 

In U.S. Patent Application 'Serial ' No. 08/8 16,079: a bone paste comprising gelatin and 
15 dcmineralized bone matrix was disclosed. In that disclosure, the gelatin carrier matrix was 
not subjected to dehydrothemial cross-linking, as is the case for the instant ateliopeptide 
collagen carrier matrix. 

The thermally sterilized bone paste of the present invention meets the needs in the art by 
20 providing a new material that is easy to handle and store, which adheres to the site of 
implantation, depending on the specific embodiment used, displays both bsteocdnductive and 
osteoinductive activities, it thermally cross-links at a concentration of between about fifteen 
to about nineteen weight percent at 38°C, as compared to the ''Bone Paste"' of U.S. 
Application Serial No. 08/816,079, which thermally cross-linked at between about twenty and 
25 forty-five weight percent, and is substantially bioabsorbable. Further, as compared with the 
'Thermally Sterilized Bone Paste" of U.S. Application Serial No, 09/014.519, the thermally 
sterilized bone paste of this invention is produced by a novel process including gamma 
irradiation, autoclaving, and blending with constituents by a novel process that permits 
commercial grades of gelatin to be processed for human or animal implantation, 

30 . 

. Preferably, the composition of this invention is provided as a gel which contains mineral and 
protein components which have been clinically shown to induce rapid bone ingrowth. The 
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composition ma\ be delivered to the surgeon in a pre-loaded svringe. read\ tor use. 
Preferably, at a first temperature, the gel is easily tbrmable into any shape, and is adhesive. 
Once inside the biological milieu, or at a second lower temperature, the gel desirably hardens 
as a rubber>' solid, which does not wash away or migrate irom the site of implantation. Upon 
5 ingrowth of bone, the implant material becomes completely incorporated into the biological 
system. The mode of making and using this composition is set forth in detail below. 

Brief Summary of the Invention 

0 A thermally sterilized* bone paste useful in the orthopaedic arts, for example in the repair of 
non-union fractures, periodontal ridge augmentation, craniofacial surger>\ implant fixation, 
arthrodesis of spinal or other joints, including spinal fusion procedures, or any other procedure 
in which generation of new bone is deemed necessar>', is provided by a composition 
comprising gelatin and addit'ional osteogenic components. The gelatin is preferably thermally 

5 cross-linked at about 38°C. at a gelatin concentration of between about 11-30%. and 
preferably at between about 15%-19% (w/w). and the osteogenic components are selected 
from: 

(i) deminerali7x*d bone, preferably den\ed from the species into which the thcrmalK 
sterilized bone paste is to be implanted: or 
0 (ii) bioaclive glass ceramic. BIOGLASS®. bioactive ceramic, calcium phosphate ceramic, 
hydroxyapatite, hydroxyapatite carbonate, corraline hydroxyapatite, calcined bone, 
cortical bone chips, cancellous bone chips, tricalcium phosphate, like material, or 
mixtures thereof: or 

(iii) bone morphogenetic protein, osteogenic proteins or peptides (e.g. osteogenin, pi 5, 
5 CDMP, and the like), TGF-beta. bone marrow extracts, vascular proliferation or 

regeneration growth factors, PDGF. or mixtures thereof natural or recombinant: or 
(iv> mixtures of (i)-{iii). 

Where present (ii) or like material is included to enhance the range of manipulable 
0 characteristics of strength and osteoinduction exhibited by the composition, and may comprise 
between about 0-60%. including about 40%, of the mass on a weight basis of the composition. 
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Where present, (iii) reduces the need for demineralized bone, which otherwise provides a 
source of osteoinductive tactors. 

Demineralized bone has been shown to be highly effective in inducing bone formation. The 
gelatin provides a cross-linkable, adhesivt^ and easily manipulated matrix in which the 
osteoconductive and osteoinductive elements of the composition.are carried. Other factors, 
such as antibiotics, bone morphogenetic or other proteins, whether derived from natural or 
recombinant sources, wetting agents, glycerol, dextran, carboxymethyl cellulose (CMC), 
growth factors, steroids, non-steroidal anti-inflammatorN^ compounds, or combinations thereof 
or any other material found to add to the desirable properties of the essential composition of 
this invention may be. included. . • = :; ••;. ■ = . . v.. 

'I he composition may be freeze-dricd or pre-cpnslilutcd. and may be provided in a convenient 
dispensing device, s^ch qs.a pre-loaded syringe. The gel; is preferably in a liquid or highly 
malleable .^tate at temperatures above about 40°C, but sets up as a hard gel at or preferably 
slightly above the body teriiperature of the organism into which it- is implanted (e.g. at SS^'C 
in humans). 

Brief Summar\^ of the Fitzures 

Figure 1 is.a chart of existing bone grafting materials. 
Figure 2 represents a bone demineralization process. 

Figure 3 is a graph of the kinematic viscosity (centistokes) versus concentration (%) for 
gelatin thermally sterilized or not thermally sterilized in a dry state, followed by 
dissolution in water and measurement of the kinematic viscosity. 

Detailed Description of the Invention 



It will be appreciated by those skilled in the art that the specifics of the composition of this 
invention, its method of preparation and use are applicable to such compositions for use in 
any vertebrate .species. Nonetheless, because human use is considered likely to be the 
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principal orthopedic application of this new material, the following description concentrates 
on exemplifying this material for human applications. 

The composition of this invention comprises gelatin and additional osteogenic components. 
The gelatin is preferably thermally cross-linked at about 38^C. at a gelatin concentration of 
between about 1 1-30%, and preferably at between about 1 5%-l 9% (w/w). ajid the osteogenic 
components are selected from: 

(i) demineralized bone, preferably derived from the species into which the thermally 
sterilized bone paste is to be implanted; or 

(ii) bioactive glass.ceramic, BIOGLASS®. bioactive cejamic, calcium phosphate ceramic, 
hydroxyapatite, hydroxyapatite carbonate, corraline hydroxyapatite, calcined bone, 
cortical bone chips, cancellous bone chips, tricalcium phosphate, like material, or 
mixtures thereof: or 

(iii) bone morphogenetic protein, osteogenic proteins or peptides (e.g. osteogenin, pi 5. 
CDMP, and the like). TGF-beta. bone marrow extracts, vascular proliferation or 
regeneration growth factors. PDGF, or mixtures thereof natural or recombinant: or 

(iv) mixtures of (i)-{iii). 

The composition is tluid at a first temperature (e.g.. above 38°C) and becomes themially 
cross-linked at or just above a second temperature, corresponding to the nomial bod> 
temperature of the organism into which the composition is to be implanted (e.g., at 38X in 
humans). 

The terms "thermally cross-linked" or "thermally cross-linkable" are used herein to describe 
the property of a composition which contains molecules which, at or below a given 
temperature and concentration, associate in such a fashion as to result in gelation ol'a solution 
containing these molecules. 

The term "thermally sterilized" is used herein to indicate that a material has been treated 
under such conditions of temperature as are generally recognized in the art to render a material 
sterile (i.e. devoid of living organisms). For example, the standard procedure of "auloclaving" 
a material occurs in a sealed chamber into which steam is pumped to such a pressure that the 
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temperature within the chamber reaches approximately 121*^C. Treatment of twenty minutes 
under such conditions is generally recognized as being sufficient to surface sterilize an object, 
with longer periods being required, depending on the volume of an object or liquid, through 
which heat is to be transferred. Other conditions of dr\' heat (i.e. absent steam) are also 
5 generally acknowledged as producing a sterile environment, as in. for example, approximately 
121-1 30*^C of dry heat for from about five minutes to about six hours. Once again, 
considerations of time of exposure are required in order to achieve a sterile field. In an> 
event, this term as applied to the composition of this invention does not require that the 
material described as "thenrially sterilized" rernain in sterile state. In other words, the 

1 0 material may be implanted, in which case it would preferiibly rernain sterile, or it may be left 
exposed on a shelf in an opcin' and contaminated state, and yet still have been "thermally 
sterilized*'. -It is the physical characteristics of the thus-trekted material (i.e. molecular weight 
and solution behavior, as revealed by the kinematic viscosity), that is critical, rather than the 
state of being .sterile or not. ' According to this disclosure, treatment of a dried gelatin 

15 composition for approximately 5 minutes to about 18 hours'.* and preferably between about 3-6 
hours at between about 121°C to 13()°C is considered to come within the meaning of the term 
"thermally sterilized''. 

The term "substantially bioabsorbable" is used herein to describe the property of a material 
20 which is no longer detectable at the site of implantation or has been remodeled at that site to 
create endogenous tissue after a reasonable period of biological resorb'ption. such as three 
months to a year later. Accordingly, for example, demineralized bone matrix which has been 
chemically cross-linked with an agent such as glutaraldehyde, is not considered to be 
substantially bioabsorbable. However, demineralized bone matrix itself gelatin, and bone 
25 morphogenetic factors are all considered to be substantially bioabsorbable as they cooperate 
in new bone formation, rather than purely providing structural rigidity or support, without 
being remodeled into new, endogenous tissue. 

The gelatin acts as a carrier phase and has the abilit>' to thermally cross-link over a very small 
30 temperature range. This thermal cross-linking reaction is largely controlled by physical 
entanglement and hydrogen bonding between chains, and so is dependant on concentration 
and temperature. (Sperling). Additionally, since gelatin has been used extensively in the 
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medical market, its in vivo properties are thoroughly studied. (McDonald). The gel-foam 
sponge is the most familiar application of this biopolymer. Studies have indicated thai 
gelatin is only mildly antigenic upon implantation, and is comparable in some of its properties 
to collagen, (McDonald), However, collagen does not exhibit the thermal cross-linking 
5 property so important to the composition of this invention. 

Where present, the bioactivc glass, such as BIOGLASS®. bioactive ceramic, calcium 
phosphate ceramic, hydroxyapatite. hydroxyapaiite carbonate, calcined bone, tricalcium 
phosphate, or like material, is included to enhance the range of manipulable characteristics 
10 of strength and osteogenesis (osteoinduction and osteoconduction) exhibited by the 
composition. 

The manufacture of gelatin is based on the partial hydrolysis of collagen. Collagen is 
available from skin, bone, cartilage, tendon and other conncjctive tissue. Skin and bone yield 

1 5 Type I and Type III collagen molecules., while tendon yields neariy pure Type 1 collagen, and 
cartilage yields a mixture of Type II and rarer ty pes of collagen molecules. Gelatin molecules 
resemble collagen triple helices, however, they are partially hydrolyzed. As a result, in 
solution they have little organization. Bui. as the solution cools, the gelatin molecules begin 
to form helical structures. As the solution cools further, the viscosity increases and a phase 

20 transformation from a solution to a gel occurs. This phase change is reversible w hen heat is 
added. 

The set time and set temperature of a gelatin solution are dependent on the concentration ol' 
gelatin in solution, the molecular weight, or intrinsic viscosity, of the gelatin molecules, and 
25 the pH of the solution. At the isoelectric point, or the pH at which the gelatin molecules are 
electrically neutral, the set time is the shortest. 

Collagen can be partially hydrolyzed by several methods. The Type A process is the simplest 
and most rapid process, in which dilute acid (e.g. less than 1 M IICl) is used to partiall\ 
30 hydrolyze the collagen, lype A processing is generally used with porcine skin and 
demineralized bovine bone. The Type B process uses an alkaline solution to partially 
hydrolyze the collagen. Type B processing is generally used with bovine hide and 
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domineralized bovine bone. Finally, enzymes, such as pepsin, may be used to partially 
hydrolyze collagen. Pepsin prelerentially cleaves peptide bonds between aromatic amino 
acids. In collagen, ireatmenl with pepsin converts native collagen, which contains telopepiide, 
to atelopeptidc material, which reduces the level of interchain disulfide bonding that can occur 
5 in the collagen tertiary, structure. , 



As one e.xample of this method, the gelatin is prepared from the bones of the species into 
which the compositions are to be implanted, by crushing.and dcfauing the bones followed by 
demineralization in 0.5 N HCI and then soaking for abi^ut 24 hours in approximately 300 

10 mg/L pepsin in a 0.5 M acetic acid at 33''C. We have discovered that the yield of gelatin is 
enhanced by conducting two such extractions, one at about 30^C. and a second at about 33°C. 
and then pooling the product. The pl l of the resulting solution is brought to about 7.0 with 
sodium hydroxide to denature the pepsin, l^he temperature of the solution is raised to between 
about 60-65°C for about 12. to 30 minutes' and returned to 19-20^^0: or like temperature at 

1 5 which the gelatin remains soluble, to effect denaturation of remaining collagen and complete 
conversion to gelatin. The resulting solution is Mltered to remove particulates and dialyzed 
or diafiltered against distilled water for 48 hours in a 30K-100K molecular weight cut-off 
(30K-100K MWCO) dialysis or diaflltration membrane. 

20 In one embodiment of this invention, the gelatin thus produced is next lyophilized, preferably 
in scalable vials. The vials are filled (i.e. the vacuum is replaced) with a dry, inert gas. such 
as nitrogen, argon or the like, sealed, and then autoclaved (or otherwise heated, for example 
in a dry oven, to about 12l-130°C), in the sealed environment. This treatment has been 
found to increase the kinematic viscosity of the gelatin upon subsequent solubilization. 

25 permitting a lower effective concentration of the gelatin to be used in the bone paste to 
achieve gelation at about thirty-eight degrees centigrade, than has heretofore been possible. 
Depending on the level of moisture permitted to remain in the sealed environment, the level 
of increase in kinematic viscosity, measured subsequently, can be controlled in a dose- 
dependent fashion (the increase in viscosity is quenched by humidity). After lyophilization 

30 and thermal treatment, the gelatin is redissolved in phosphate buffered saline (PBS) or water 
to a sufficiently high effective concentration such that a final composition comprising from 
about 11-19%. and preferably about 1 5- 1 9% (w7w) gelatin may be produced. The improved 
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result of this process is that the thus-treated gelatin sets-up as a gel at the effective gelatin 
concentration of about 15-1^^ weight percent as opposed to 20-45 weight percent w ithout such 
treatment. 1 his distinction is clearly evident from the differences between the kinematic 
viscosity of gelatin produced as described above, with and without thermal treatment of the 
5 lyophilized material. The viscosity is higher and set temperature lower for the thermally 
treated material for the same concentration of gelatin when subjected to the lyophilization (or 
other form of dr>'ing and moisture reduction) and thermal cross-linking, than when such 
treatment is not conducted. 

10 In a further embodiment of this invention, a commercially available grade of gelatin, such as 
porcine gelatin, is utilized in the manufacture of the Bone Paste. Commercial grades of 
porcine gelatin are well known in the production of medicinal capsules cind the like, and hav e 
also been used to produce a product known as GEL.FOAM®. an insoluble matrix used in 
hemostatic applications. In this aspect of this embodiment, high-quality, 

1 5 commercially-available porcine gelatin, such as. for example, 250 to 300. including about 275 
bloom commercial grade porcine gelatin available from DynaGcl. Inc.. (Plummer St. & 
Wentworth Ave., Calumet Cit>, IL 60409). Vyse Gelatin Compan> , (5010 North Rose Street, 
Schiller Park. IL 6101 76). or the like, is purchased, packaged in an appropriatel> resistant 
packaging or double packaging, and is then sterilized by exposure to an appropriate dose of 

20 sterilizing radiation. For example, exposure to between about 2-3 MRad of Co^'**. or an 
equivalently sterilizing dose of radiative exposure from another gamma radiation source. 
Following gamma irradiation, the gelatin is autoclaved under standard autoclave conditions 
known in the art. Subsequent to these treatments, the packaging of the sterilized gelatin is 
checked for integrity. 

25 

Prior to further processing, the sterilized gelatin is removed from the sterile packaging, and 
is ground to a particle size of about 1 .5 mm or less, in a sterile grinder or blender. Subsequent 
to such grinding, the gelatin particles are intimately mixed with demineralized bone matrix 
(DBM). and the resistance ol'the blend to dissolution in an aqueous solvent at a given desired 
30 set-temperature is confimied. Thus, for example, if the mixture is to be implanted in a human, 
resistance of the blend to dissolution in water or saline heated to approximately thirty-eight 
degrees centigrade is confirmed. If dissolution occurs, more gelatin is added to the 
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formulation to ensure that the mixture is a solid at the desired set-temperature. Accordina to 
this aspect of.the invention, it is preferred for the DBM to he present at between about 1% to 
about 37%. arid preferably about 24-33%. unless bone morphogenetic proteins (BMP's) or 
other osteogenic growth factors are present in the mixture, in which case the DBM 
5 concentration may.be lowered. The gelatin is preferably present at between about 12-30%. 
depending on the desired set-temperature. . . * 

Subsequent to blending with DBM. if present, the composition is mixed with a sterile 
calcium-phosphate composition, such as hydroxyapatite. or more preferably, with sterilized 

1 0 cortico-cancellous bone chips; Since conicocancellous'chips are only about 30-40% solid 
material, with. the remainder of thQ;yolume thereof beiny. void space, on a volume basis, a 
composition.comprising. about 100P/&,(v/v.) corticocance-ilBus chips, with the 60-75% (v/v) of 
the composition being comprised of the gelatin/BBM or gclatin/BMP or other growth- factor 
blend, to form the final thermally, sterilized bone paste composition of this invention. 

15 _ . , , • . 

Subsequent to, blending, the radiatively and thermally sterilized bone paste composition 
described above is subjected to a llirther consistency check, to ensure resistance to dissolution 
of the bone paste composition in aqueous solution at a temperature at or below the desired scl- 
tempcrature. The criiicality of this aspect of the invention being that upon implantation, if the 

20 composition were tq imrtiediately liquefy at physiologicaJ temperature, the effectiveness of 
the composition in inducing osteogenesis is reduced by too-rapid dissolution of the 
composition. In the event that the final composition does not remain solid at the desired set- 
temperature, increased concentrations of the gelatin are added to ensure solid .setup of the 
composition at the desired temperature. 

25 

According to the method of producing the composition of. this invention, the gelatin may be 
derived from the same or different species than that into which the composition is to be 
implanted. For example, human, porcine, bovine, fish, equine, feline, or canine gelatin is 
derived from collagen sources such as bone, skin, tendons, or cartilage, and may then be 
30 mixed with DBM or other osteogenic (osteoinductive or osteoconductive) materials. As 
noted above, the collagen is converted to gelatin via, liming, acidification or by enzymatic 
extraction, for example by pepsin or like enzymatic treatment, followed by denaturation by 
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heat or other means. The Liclatin may be derived from tissue b\ niasiicaiion of the tissue, 
followed by an extended treatment capable of breaking cross-links in the long collagen chains. 
In one embodiment, the tissue is ground then soaked for about 24-72 hours at between about 
2-40°C in dilute acid, such as 0, 1 nomial acetic acid. Preferably, an enzyme such as pepsin 
5 at a sufficiently high concentration is added. Pepsin concentrations of between about 10- 
20.000 i.u./Iiter, 100-2,000 i.u./liter. or like concentrations are added to the dilute acid at the 
start ol^the treatment, with the period of treatment being adjusted according to the enzyme 
concentration used. Solids are remo\'cd from the composition, for example by centrifugation. 
and the supernatant material in solution having a molecular, weight of about 50.000 daltons 

1 0 or higher is retained. This may be achieved by any of a number of methods known in the art 
including, but not limited to. dialyzing the supernatant in a 50.000 dalton molecular weight 
cut-off membrane against several changes of solution, ultrafiltration against a membrane 
having a like molecular weight cut-ofT. (MW'CO) or gel permeation chromatography through 
a medium having a 50,000 dalton molecular mass cut-off. It will be recognized by those 

1 5 skilled in the art that the higher the MWCO of the gelatin, the lower the yield. Accordingly, 
lower MWCO gelatin preparations, down to abut 1000 dalton MWCOs could be used, 
recognizing that undesirable low molecular weight species might thereby be retained. Once 
again, the inclusion of the l\ ophilization and themial cross linking disclosed abo\'e increases 
the yield of higher-molecular weight material. 

20 

In one embodiment of the invention, the gelatin solution resulting from the foregoing 
extraction is denatured, for example by heat-treatment to above about 50 to 65''C. fhe 
denatured protein is then dried and subjected to an inert-gas. thermal cross-linking step 
described above. Thereafter, the gelatin may be stored in a dry state, or reconstituted with 
25 physiologically acceptable solutions and stored in a frozen state or it may be freeze-dried after 
reconstitution or it may be precipitated, for example in a volatile organic solvent, and 
reconstituted in a solution, such as an isotonic saline solution, at a concentration of between 
about ]5-19%(w/w) gelatin. 

30 The dcmineralized bone is preferably in a powdered fonn, and is preferably composed of 
particles in the size range between about 80-850 |im in diameter. Methods for producing 
demineralized bone powder are known in the an (see for example U.S. Patent No. 5.405,390, 
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herein incorporated by relcrence for this purpose), and arc not. therefore, elaborated here. 
Demineralized bone powder, extracted by standard techniques, is mixed with the gelatin 
solution prepared as described above, to form a composition comprising about 1 -40% (w/w) 
demineralized bone powder. Where present, bone morphogenetic proteins (BMP) reduce the 
5 percentage of DBM required in the composition. The BMP is preferably present at a 
concentration of beiw^een about 0.0001 to 1 0 mg/niL' 0.001 mg/ml to 4 mg/ml. or like 
concentration. :depending on the amount of DBM present ( 1 -40% w/w). 

In cenain embodiments of this invention, and for particular orthopaedic applications in which 
10 strength of the bond formed by the thermally steri lized bone paste is important, addition of 
a bioactive glass is prefen*ed. When added, the bioactivc; glass lowers the adhesiveness of the 
composition, but increases .the.stiffncss of the. composition upon'setting. Accordingly, a 
bioactive glass, such as BIOGLASS® 'having a dianieter of between about 0.5-710 |im. is 
added to the gel/demineralizcd bone ;Compositio:n.: - hv addition, a compo.sition comprising 
1 5 between about 0-40%) (w/w) of bioactive glass W'ith the g;elatin 'forming about 11-1 9%) (w/w ) 
of the composition is also contemplated. 

Compositions prepared as described above are easily extruded from. a syringe, particularl\ 
when the temperature is elevated to above about 40°C. for example by. immersion in a water 
20 bath, by limited treatment in a microwave, by placement in a syringe warmer, or any of a 
number of other methods for heating the container, i'he extruded gel is resilient, sticky and 
easily formable into any desired shape. In addition, the composition retains its strength and 
is poorly soluble in saline or water once it scts-up. 

25 Accordingly, having generally described the composition of this invention, and taking into 
account the specifics of the exemplary support provided below, the following guidelines for 
the preparation and use of the composition of this invention are provided: 

The gelatin from DBM should be prepared at a temperature between about 30 and 37°C. 
30 While the yield is higher (60%) at 37°C, the quality, based on measured kinematic viscosity, 
is slightly lower than that produced at SO^'C. Preferably, the gelatin is produced by limited 
exposure of collagen to an enzyme, such as pepsin, or like enzyme. A concentration of pepsin 
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set at 300 U/L-500 U/L works well, but those skilled in the art will recognize that a vvide 
range of enzyme concentrations could be tested, based on what is disclosed herein. I hose 
skilled in the art will recognize that acid or alkaline processing of skin and tendon ma\ be an 
alternative to the pepsin technique. 

5 

The final composition preferably comprises gelatin solution having a viscosity of about 3600 
centipoise or higher at 44°C (when measured in the linear range of a viscosity/sheer rate plot 
- 0.87/s). or a kinematic viscosity of about 0.7 centistokes at 44°C. The concentration of the 
gelatin in the carrier phase (i.e. absent added osteogenic components) is preferably about 15- 

10 19% (w/w). to ensure. that gelation at 38°C will occur in a reasonable amount of time. 
Naturally, those skilled in the art will recognize that, depending on the species of the organism 
into which the composition is to be implanted, different temperatures may be required. These 
needs are accommodated by altering the gelatin concentration, increasing the concentration 
if a higher gel temperature is desired, and lowering the concentration if a lower gel 

1 5 temperature is desired. 



The DBM content of the composition is deiined herein by the concentration required to obtain 
bone tbrmation similar to that seen with DBM alone. We ha\ e found that about 5-40% { \\/\\ t 
DBM in the composition is effecti\ e. Anything lower than about 5% seems to do \ er> little 

20 by way of bone formation, unless added BMPs (component iii) are present in the composition, 
in which case the DBM concentration may be substantially reduced or eliminated altogether. 
Naturally, based on this disclosure, those skilled in the art will recognize that b\' addition of 
dilTerenl concentrations aiid compositions of bone morphogenetic proteins or other osteogenic 
or osteoinductive factors, the weight percent of DBM in the composition may be manipulated 

25 up or down. In addition, it will be recognized that, depending on the species into which the 
composition is implanted, the DBM weight percent may need to be adjusted up or down. 

We have found in in vivo studies that the compositions with DBM contents from 1 5 to 33°/o 
all produce calcified tissue. We have found that there is a good correlation between the 
30 amount of DBM in the composition and the level of bone induction, as long as the DBM 
concentration is greater than about 1 9% (w/\\ ). About 38-40% (w/w) is the upper mass limit 
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for DBM. Accordingly. 1-40% (vv7w) DBM. and more preferably 5-30% (wAv). 7-33%(w/\v) 
or 15-25% (vv/vv) is desirable for this component. 

We have observed histologically that, subsequent to implantation into an animal, the gelatin 
5 phase is totally absorbed within about 2 weeks. Additionally, cartilage and mineralized bone 
formed within two weeks, with mature bone being' evident by about the fourth week. The 
animals in these studies. did not exhibit any gross health problems or any indications of 
irritation, hematoma, soreness, fever, or w^eight loss during the study. 

10 ^fhe composition according to this invention, whether it_comprises gelatin and osteogenic 
components (i-iy) may act as a carrier for cortical; cancellous or cortical and cancellous bone 
chips. Such compositions arc useful for filling larger bone voids. In addition, when these 
bone chips are not demincralized. they provide ^an added.specimm of biological properties not 
exhibited by -the gelatin alone or the gelatin plus osteogenic components (i-iv). When present. 

1 5 it is preferred for such bone chips to be in the size range of about 80 |Lim to about 10 mm. 

In a further embodiment of this invention, the composition of gelatin and osteogenic 
components (i-iv) is injection molded, vacuum molded, rotation molded, blow molded, 
extruded or otherwise formed into a solid form. Such forms would desirably take the form 

20 of vertebral disks, acetabular hemispheres, fonnable inserts for repairing acetabular cup 
defects, tubes, ellipsoid shapes for void filling, and intramedullary plugs, which are useful to 
plug the intramedullary canal of various bones (i.e. the marrow containing portion of the 
bone) to prevent bone cement from entering healthy bone tissue. 1 hese forms are produced, 
for example, by raising the temperature of the composition above its liquefaction temperature 

25 (e.g. about 45''C), and allovying the composition to gel in a mold of appropriate shape. For 
such forms, the gelatin content is preferably made as high as possible to ensure that the fonn 
remains solid upon grafting into a vertebrate recipient. 

Having described the composition of this invention and the method of its preparation, the 
30 manner of using the composition is next set forth. Methods of use of the composition include 
e.xirusion, via injection, or molding, either by hand or mechanically, to produce appropriately 
shaped implants, either in vivo or ex vivo, with subsequent implantation into a desired 
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implantation site. 1 he composition may be directl\ applied to the site of non-union tVaciures. 
injected between vertebrae that are to be fused, molded into any physiologic shape desired and 
applied in any orthopedic context in which osteoconduction. or osteoinduction is desired. The 
composition may likewise be used to coat allograft, autograft, xenograft, metallic, synthetic 
5 bioabsorbable or any other t> pe of implant to enhance the osseointegration of the implant and 
osteoconduction and osteoinduction around the implant. This use of the bone paste 
composition of this invention is particularly useful for porous implants. 

Having generally described the invention, the following.examples are provided to shov\ 
1 0 specific features and applications of the invention. It should be recognized that this invention 
is in no way limited to the specifics of the examples as set forth below, and that the limits of 
this invention are defmcd by the claims which are appended hereto. 



1 5 Procedure for Defmition of the Set Temperature of the Thermallv Sterilized Bone Paste: 

In this procedure, the set temperature of the thermally sterilized bone paste is defmed. An 
aliquot of the matrix stored in a frozen state was thawed at approximately 45''C and then 
drawn into a syringe. I he aliquot was then syringed into a tube which is equilibrated at 38°C 
20 for 15 minutes. Another aliquot was syringed into a vial of distilled water equilibrated at 
38*^C and allowed to sit for 1 5 minutes. After this period of time, both aliquots of the matrix 
w^ere solid and there was little or no dissolution of the matrix into the distilled water. 



25 Method for Defming the Concentration of Gelatin in the Thermallv Sterilized Bone Paste: 



For each composition, a matrix is established as follows: 



Example 1 : 



Example 2: 



Gelatin(g) 



DBM(g) 



Water(g) 



0.15 



0.33 



0.52 



30 



0.17 



0.33 



0.50 



0.19 



0.33 



0.48 
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These masses, in a powder form were placed in a plastic bag or like malleable but liquid 
impermeable container prior to addition of the indicated mass of water. The bag was sealed 
and shaken to mix the powders thoroughlx . The water was added and the bag resealed. The 
ingredients were kneaded vyhile the bag was submerged in a water bath set at approximate!) 
5 42-47X. and then the composition was tested for set-up at 38°C as described in Example I . 

Fxample 3: ' . • 

Comparison of the Osteoinductivitv of Grafton ® (DBN4 in ulvceroL Osteotech). DBM. and 
Thermally Sterilized Bone Paste with Suspended DBM ig an Athvmic Rat Intramuscular 
10 Model: 

Known masses of commercially available Grafto!i® .rDBM in glycerol, Osteotech), DBM. 
powdered DBM, and the Thermally sterilized bone paste of this invention in which DBM was 
suspended were implanted intramuscularly into athymic nude rats according to the model of 

1 5 Strates and IJrist (Urist, Clin. Ortho. RcL Res. 71 :27 1 -278, 1 970).' The osteoinductivitv of the 
DBM included in the thermalK sterilized bone paste of this invention and that included in 
Grafton® were found to be identical in a standard osteosarcoma induction assa\ . After 21 
days, explants were removed and analyzed by X-ray and atomic absorption. I'his analysis 
revealed a calcium deposition yield of: 0.40+ 0. 17 g/ml implant for the thermally sterilized 

20 bone paste/DBM composition: 0.03-9 ± 0.094 g/ml for Grafton®: and 0.15 ± 0,072 g/ml for 
DBM alone.. Therefore, DBM in the composition of this invention yielded a 2.7 fold increase 
in bone induction than DBM alone, and 10,3 fold the bone induction attributable to 
Grafton®, All of these differences were statistically significant. In addition, the 
osteoinductive effect of Grafton® was variable, forming bone in only six often implants. 

25 The DBM/thermally sterilized bone paste of this invention induced bone formation in all 
implants. 



30 
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Example 4: 

Thermally Sterilized Bone Paste Production. Kinematic Viscosit\. and Critical Concentration 
for Gelation at 38 ^C: 

5 The kinematic viscosity of porcine gelatin subjected to different heat sterilization treatments 
(121°C, 6 hours; 130°C. 3 hours; 150°C. 2.5 hours) was compared to the kinematic \ iscosit\ 
of porcine gelatin which had not been subjected to heal sterilization. The lyophilized gelatin 
samples treated for 3 hours at 130°C required approximately 40-50 minutes to dissoKe in 
sterile water at 55°C- while the lyophilized gelatin samples treated for 6 hours at 121 °C 
1 0 required only about 10 minutes to dissolve in sterile water. The porcine material treated tor 
2.5 hours at 1 50°C was not soluble. We found that the kinematic viscosity of the thennall) 
treated porcine samples ( 12 rC and i30°C) increased, as compared with that of the untreated 
porcine samples. A similar study of human material (12PC, 6 hours), substantially 
reproduced this result. 

15 

By way ol' background, the thermally sterilized bone paste was produced from gelatin 
extracted from demincralized human cortical bone powder in the size range of 250 - 850 uni. 
also referred to as demincralized bone matrix powder (DRM). by treatment with 0.5 M acetic 
acid, and pepsin. The DBM was incubated for from 5 to 24 hours at 30 °C. The supernatant 
20 was retained and the solid material was treated with a fresh solution of acetic acid/pepsin at 
33°C for another 5 to 24 hours. The supcmatants were combined, and the pH was adjusted 
to 7.0 with 1 N NaOH, deactivating the pepsin. The solution was pumped at a controlled rate 
through a tube submerged in a 60°C water bath such that all portions of the solution were 
subjected to the 60°C treatment for a full 15 minutes, then quenched in ice water. I'he 
' 25 solution was cenlrifuged and the supernatant was either dialyzed or diafiltered against a 
30.000 daltons molecular weight cut off membrane. The retentaie was then lyophilized. As 
a control, dry samples were retained without further heat treatment. The remainder of the 
material was autoclaved in sealed vials that were first evacuated to 100 millitorr and then 
back-filled with nitrogen, and sealed. The autoclaving was continued for either six hours at 
30 121 °C, or the samples were treated for three hours at 1 30''C. 
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In figure 3. the results of heat treating four samples of porcine material at 12rC for 6 hours 
(solid circles), four samples of porcine material at IjO^'C for 3 hours (open circles), is 
compared with two samples of untreated porcine matcrialXsolid triangles). In addition, one 
sample of hunnin material treated for 6 hours at 121°C (closed square) is compared with one 
5 sample of untreated human material (closed -diamond), and a sample of human material 
treated for six hours at 121°C. but under an atmosphere of nioist (about 1% humidity) 
nitrogen (open diamond). 

The kinematic viscosities of dilute concentrations of the thus treated materials (0.5%. 0.25%. 
10 0.125%. 0.0625% in phosphate buffered .saline solutiohsJpH 7.4 at 25''C), were measured 
with an Ubbelhode viscometer at. 44 '^C.A-l'he' kinematic viscosities (centistokes) were graphed 
versus concentration,, figure 3. , The lindar regression was extrapolated to zero to determine 
the kinematic viscosity at, zero. concentration. ^ 

1 5 To determine the set temperatures for various thermally sterilized bone paste compositions, 
gelatin concentrations were varied from .15 w/w% of total composite to 19 w/w% of total 
composite in water. All thennally sterilized bone paste composites. tested contained DBM at 
a concentration of 33 w/w% of the total composite. Different ambient temperatures were used 
to lest whether, the thermally sterilized bone paste was solid or liquid, 45°C\ 43°C. 4I°C, 

20 40°C, 38%\ and 35,5''C. The set temperature was determined both by subsequent lowering 
of the ambient temperature and raising of the ambient temperature. The critical concentration 
of gelatin in a thermally sterilized bone paste composite that was solid at slightly above 
human body temperature, SS^'C to 39°C, was 15 vv/w% -19 w/w% of the total composite for 
human gelatin, processed at 33''C. and with 33 w/w% of the composite being DBM, the 

25 remainder being PBS or water. The human gelatin processed at 33*^0 had a zero concentration 
kinematic viscosity of 0.65 centistokes. Human gelatin solutions of lower kinematic 
viscosities were found to have critical concentrations in excess of about 1 9 w/w%. 
Correspondingly, gelatins with viscosities higher than about 0.65 centistokes are expected to 
thermally cross-link at concentrations lower than about 15% (w/w). 
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Example 5 

Procedure for the Production of the Thermally sterilized hone paste of this Inx ention : 

This example provides one procedure for the manufacture of bone paste from gelatin and 
5 demineralized bone. As fractions of the total mass of composition desired, the following 
components are weighed (percentages given are of total composite weight): 
Dry demineralized bone: 1-40% (w/vv) 

Lyophilizcd themially 

cross-linkable gelatin: ll-30%(vv/w) 
10 BIOGLASS®: 0-40% (w/w) 

bone morphogenctic protein: 0-10 mg/ml 

These components are thoroughly blended while dr^^ and the balance of the composition mass 
is made up by addition, of water; phosphate buffered saline, or any other physiologically 
1 5 acceptable liquid carrier. The composition may be packaged in this form or lyophilizcd for 
later reconstruction with water. The malleable properties of the composition are achieved by 
heating the composition to a temperature sufficient to exceed the liquefaction point of the 
gelatin, and then allow ing the composition to cooi to the temperature at which it gels. 

20 Example 6 

Procedure for Producinu a Radiativelv and Thermally Sterilized Bone Paste Composition of 
this Invention: 

According to this aspect of the invention, a commercially available grade of porcine gelatin 
25 was utilized in the manufacture of the Bone Paste. Porcine gelatin, 275 bloom commercial 
grade from DynaGel. Inc.. (Plummer St. & Wentworth Ave.. Calumet City. IL 6040^)). was 
purchased, packaged in a sealed double packaging, and sterilized by exposure to 2-3 MRad 
of Co^*\ Following gamma irradiation, the gelatin was autoclavcd under standard autoclave 
conditions (20 minutes. 121 degrees). Subsequent to these treatments, the packaging of the 
30 sterilized gelatin was checked for integrity. 



wo 99/38543 PCT/US99/01677 

23 

Prior to further processing, the sterilized gelatin was removed from tlie sterile packaging, and 
was ground to a particle size of about 1.5 mm or less, in a sterile grinder or blender. 
Subsequent to such grinding, the gelatin particles were intimately mi.xed with dcmineralized 
bone matrix (DBM) in a sterile sausage-grinder, and the resistance of the blend to dissolution 
in an aqueous .solvent at 38: degrees centigrade. Compositions containing DBM at 
concentrations . of about 1% to about 37%. including concentrations of about 24-33%. were 
prepared in this manner. In compositions in which bone morphogenetic proteins (BMP's) or 
other osteogenic growth factors were added the DBM concentration was reduced to as low as 
0%. The gelatin was included in the composition at concentrations between about 12-30%. 
depending on the desired set-temperature. 

Subsequent to blending with DBM. if present, the composition was mixed with a sterile 
calcium-phosphate composition, such.as hydi-oxyapatitc. or with sterilized cortico-cancellous 
bone chips.: Since corticpcancellous chips are onlyaboQl 30-40%' solid material, with the 
remainder of the volume thereof being void space, on a volume basis, a compositions were 
prepared comprising about 100% (v/v) corticocancellous chips, with the 60-75% (v/v) of the 
composition being comprised of the gelatin/'DBM or gelatin/BMP or other growth-factor 
blend, to fomi the final thermally and irradiativcly sterilized bone paste composition of this 
invention. 

Subsequent to blending, the radiaiivcly and thermally sterilized bone paste composition 
described above was subjected to a further consistency checks, to ensure resistance to 
dissolution of the bone paste composition in aqueous solutions at a temperature at or below 
the desired set-temperature. 

As a result of the foregoing processing, a composition having the following characteristics is 
produced: a melt-flow-index (MFI) from a one cubic-centimeter BD (Beckton-Dickinson). 
slip-tip syringe of greater than about 0.00719 g/sec. or greater than about 0.03497 g/sec from 
a five cubic centimeter BD slip-tip syringe at 47 + 2 degrees centigrade when 2644 + 1 gram 
of weight is applied to a plunger of a syringe containing said composition. A further 
characteristic of such formulations is that it does not dissolve within 5 minutes when placed 
in distilled water at 38 + 0.5 degrees centigrade. 
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Implantation of these compositions are anticipated to result in induction of bone fomiation 
at the site of implantation. 
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Claims 



1 1 . An implantable bone paste composition comprising thcmialK' sterilized gelatin 

2 as a carrier for substantialK bioabsorbable osteogenic components for use in a recipient in 

3 need thereof. 

1 2. TTie bone paste composition of claim 1 when implanted in non-union fractures. 

2 periodontal ridge augmentation, craniofacial surgery, arthrodesis of spinal or other Joints. 

3 spinal fusion procedures, and implant fixation. 

1 3. The composition of claim I wherein the gelatin is thennally cross-linkable at 

2 or slightly above the temperature of the organism into which it is to be implanted. 

1 4. The composition of claim 3 wherein said composition gels at about 38°C. 

1 5. The composition of claim 3 wherein said gelatin is present at a concentration 

2 of between about 1 1-19% (w/w) gelatin as a fraction of the weight of the composition. 

1 6. The composition of claim 5 wherein the osteogenic component is selected 

2 from the group consisting of: 

3 (i) dcmineralized bone, preferably derived from the species into which the thermally 

4 sterilized bone paste is to be implanted: or 

5 (ii ) bioactive glass ceramic. BIOGLASS®. bioactive ceramic, calcium phosphate ceramic. 

6 hydroxyapatite. hydroxyapatite carbonate, corraline hydroxyapatite. calcined bone, 

7 cortical bone chips, cancellous bone chips, tricalcium phosphate, like material, or 

8 mixtures thereof; or 

9 (iii) bone morphogenetic protein, osteogenic proteins or peptides and the like. TGF-beta. 

1 0 bone marrow extracts, vascular proliferation or regeneration growth factors. PDGF. 

1 1 or mixtures thereof, natural or recombinant: or 

12 (iv) mixtures of (i)-(iii). 
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1 7. The composition of claim 6 wherein the gelatin, the demineralized bone 

2 matrix, or both are derived from the species into which the bone paste is to be implanted. 

1 8, fhe composition of claim. 7 wherein DBM is present at between about I -40% 

2 (w/w) of the total composite weight. 

1 9. The composition of claim 8 wherein DBM is present at between about 1 5-33% 

2 (w/w) of the total composite weight., 

1 10. The composition of claim 6 wherein the bioactivc glass is BIOGLASS®. 



^ 1 



11- The composition of claim 6 wherein component (ii)' is present at between 

2 about 0-60% (w/w) of the total composition mass. 

1 12. The composition of claim 6 comprising antibiotics, bone morphogenetic or 

2 other proteins, whether derived from natural or recombinant sources, wetting agents, glycerol. 

3 carboxymethyl cellulose (CMC), growth factors, steroids, non-steroidal anti-inllammatorx 

4 compounds, or combinations thereof. 

1 13, The composition of claim 6 comprising between about 0.0001 to 10 mg/ml 

2 bone morphogenetic protein, natural or recombinant. . . i 
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1 14. The composilion of claim 1 which is a frozen solution or is freeze-dried. 

1 15. The composition of claim 1 wherein the gelatin is human. bo\ ine. porcine, 

2 ovine, fish, equine, feline, canine or mixtures thereof 

1 16. I hc composition of claim 1 wherein the gelatin is derived from human 

2 collagen sources via enzymatic, acid or alkaline extraction. 

1 17. The composition of claim 16 wherein said huxnan collagen sources are human 

2 skin. bone, cartilage, tendon, connective tissue, or mixtures thereof. 

1 IS. The composition of claim 1 7 produced by: 

2 (a) treating the collagen source with pepsin at about 30°C. separating a soluble 

3 supernatant from an insoluble residue, and retaining the soluble supernatant: 

4 (b) treating the insoluble residue with pepsin at about 33''C, separating a soluble 

5 supernatant from an insoluble residue, and retaining the soluble supernatant: 

6 (c) pooling the thus obtained soluble supematants: 

7 (d) heal denaturing the pooled supematants under controlled conditions to produce 

8 gelatin: 

9 (e) removing the moisture from the gelatin to produce dr\ gelatin: 

10 (f) lhennall>- sterilizing the dr\' gelatin: and 

1 1 (g) mixing a known mass of the dry gelatin with a known mass of osteogenic compound 

12 such that the dry gelatin is present at a final concentration of about 1 1-19% (w/\\ ). 

1 19. The composilion of claim 18 wherein the denaturation is achie\ ed by heating to 

2 at least 60%\ 

1 20. The composition of claim 19 wherein the gelatin has a molecular weight of 

2 greater than about 50.000 daltons. 

1 21. The composilion of claim 20 wherein the step of thermally sterilizing the dr>' 

2 gelatin occurs at between about 1 2 1 °C to 1 30°C for between about five minutes and 1 8 hours. 
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1 22. The composition of claim 1 wherein the osteogenic component is 

2 demineralized bone matrix in a powdered fomi. and is composed of particles in the size range 

3 between about 80-850 |im in diameter. 

1 23. The composition ofclaim 22 comprising about 1-40% (w/vv) demineralized bone 

2 matrix powder, provided that if the demineralized bone matrix powder is absent, then a bone 

3 growth factor is present at a concentration of at least 0.0001 mg/ml. 

1 24. The composition of claim 23 whereia said bone growth factor is 

2 morphogenetic protein, TGF-B. osteoinductive factors, osteoconductive factors, or mixtures 

3 thereof, natural or recombinant. 

1 25. The composition of claim 6 Wherein the bioactive glass is BIOGLASS® 

2 having a diameter of between about 0.5-71 0 |!im. 

1 26. The composition ofclaim 1 further comprising cortical, cancellous or cortical 

2 and cancellous bone chips. 

1 27. The composition ofclaim 26 wherein said bone chips are in the size range of 

2 80|imtol0mm. 

1 28. The composition of claim 1 which is injection molded, vacuum molded. 

2 rotation molded, blow molded, extruded or otherwise formed into a solid form. 



1 29. The composition of claim 28 wherein said form is selected from vertebral 

2 disks, acetabular hemispheres, tubes, ellipsoid, oblong, and "U" shapes for void filling. 

3 intramedullary plug formation, and impaction grafting. 

1 30. A method for inducing bone formation in vivo in a recipient in need thereof 

2 which comprises implanting an effective amount of an implantable bone paste composition 

3 comprising thermally sterilized gelatin as a carrier for substantially bioabsorbable osteogenic 

4 components. 
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1 3L The method claim 30 which comprises repairing non-union fractures. 

2 achieving periodontal ridge augmentation, conducting craniofacial surger>', securing implants. 

3 arthrodesis of spinal or other joints, spinal fusion procedures, or impaction grafting, which 

4 comprises implanting said composition at the site in vivo in need of such treatment. 

1 32, The method according to claim 31 which comprises extruding said 

2 composition from a syringe at a first temperature at which it remains liquid or highly 

3 malleable, and forming a resilient, sticky and easily formable shape from said composition 

4 as it gels at a second temperature at or slightly above the body temperature of the organism 

5 into which it is implanted. 

1 33. A method for making an implantable graft which comprises preparing 

2 themially sterilized composition comprising a thermally cross-linkable gelatin carrier and 

3 suspending therein a substantially bioabsorbable osteogenic component. 



1 34. The method of claim 33 wherein said osteogenic component is selected from: 

2 (i) demineralized bone, preferably derived from the species into which the thermall\ 

3 sterilized hone paste is to be implanted: or 

4 (ii) bioactive glass ceramic. BIOGLASS®, bioactive ceramic, calcium phosphate ceramic, 

5 hydroxyapatite. hydroxyapatite carbonate, corraline hydroxyapatite. calcined bone. 

6 cortical bone chips, cancellous bone chips, tricalcium phosphate, like material, or 

7 mixtures thereof; or 

8 (iii) bone morphogenetic protein, osteogenic proteins or peptides and the like. TGF-beta, 

9 bone marrow extracts, vascular proliferation or regeneration growth factors, PDGF. 
1 0 or mixtures thereof, natural or recombinant; or 

1 1 (iv) mixtures of {i)-(iii). 



1 35. The method of claim 34 which further comprises injection molding, vacuum 

2 molding, rotation molding, blow molding, extruding or othcPA'ise forming said composition 

3 into the desired form of a solid graft, and allowing the composition to solidify at a temperature 

4 at which the gelatin becomes thermally cross-linked. 
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1 36. The method of claim 35 wherein said form is selected from vertebral disks. 

2 acetabular hemispheres, tubes, ellipsoid, oblong, and "U" shapes for void filling. 

3 intramedullar\^ plug formation, and impaction grafting. 

1 37. The method of claim 35 which comprises raising the temperature of the 

2 composition above its liquefaction temperature and allowing the composition to gel in a mold 

3 of appropriate shape. . , 

1 38. The method pf claim 33 wherein the composition, is ihennally sterilized by 

2 treatment of the dr>' gelatin at between about 1 2 1 °C to 1 30°C for between about 5 minutes to 

3 about 18 hours, prior to suspending therein a substantially bioabsorbable osteogenic 

4 component. !, ^ 

1 39. .. . .The .bone paste composition of claim 1 wherein said gelatin is sterilized by 

2 exposure to a sterilizing dose of gamma irradiation. 

1 40. The composition according to claim 39 comprising, on a volume basis. 60- 

2 75% of component (a), and between 0-100% on a volume basis, of component (b), which, if 

3 present, because of the substantial void volume thereof, completely absorbs any volume 

4 contribution of component (a), wherein component (a) comprises: 

5 about 11-30% (w/vv) gelatin, 24-33% (w/w> demineralizcd bone matrix, with the 

6 balance being made of water or an aqueous solution; 

7 and wherein component (b) comprises aseptic corticocancellous bone chips. 

1 41. The composition according to claim 40 wherein component (a) comprises 

2 between about 1 5- 1 9% gelatin. 

1 42, The method according to claim 33 comprising exposing said gelatin to a 

2 sterilizing dose of gamma irradiation. 

1 43. The method according to claim 42 wherein said gelatin is thermally sterilized 

2 by autoclaving the gelatin. 
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1 44. The method according to claim 43 wherein said gelatin is a commercialK 

2 available grade of porcine gelatin. 

1 45. The method according to claim 44 wherein said gelatin has a bloom number 

2 of betw^een about 250 and 300. 

1 46. The composition according to claim 1 having a melt-tlow-index (MFD from 

2 a one cubic-centimeter DD slip-tip syringe of greater than about 0.0071 9 g/sec, or greater than 

3 about 0.03497 g/'sec from a five cubic centimeter BD slip-tip syringe at 47 ± 2 degrees 

4 centigrade when 2644 ± \ gram of weight is applied to a plunger of a syringe containing said 

5 composition. 

1 47. The composition according to claim 1 wherein said composition does not 

2 dissolve within 5 minutes when placed in distilled water at 38 ± 0.5 degrees centigrade. 

1 48. A method of enhancing the osteoconductivity. osteoinductivity or 

2 osseointegralion activity of an implant which comprises coating said implant with the 

3 composition of claim 1 . 

1 49. An implant coated with the composition of claim 1 . 
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Figure 3 

Kinematic Viscosity of Solutions of Porcine and Human 
Gelatin of Different Heat Treatments 




Concentration of Solution (%w/v) 



121**C/6 hr. Porcine (4 samples) 

130**C/3 hr. Porcine (4 samples) 

Untreated Porcine (2 samples) 

Distiiled Water (2 samples) 

121*C/6 hr. Human (1 sample) 

Untreated Human (Lyo: 3x Wet N^) |1 sample] 

121**C/6 hr. Treated Human (Lyo:3x Wet Nj) (1 sample] 
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